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Abstract One-step method has been employed in the
synthesis of copper nanofluids. Copper nitrate is reduced
by glucose in the presence of sodium lauryl sulfate. The
synthesized particles are characterized by X-ray diffraction
technique for the phase structure; electron diffraction X-ray
analysis for chemical composition; transmission electron
microscopy and field emission scanning electron micros-
copy for the morphology; Fourier-transform infrared
spectroscopy and ultraviolet–visible spectroscopy for the
analysis of ingredients of the solution. Thermal conduc-
tivity, sedimentation and rheological measurements have
also been carried out. It is found that the reaction param-
eters have considerable effect on the size of the particle
formed and rate of the reaction. The techniques confirm
that the synthesized particles are copper. The reported
method showed promising increase in the thermal con-
ductivity of the base fluid and is found to be reliable,
simple and cost-effective method for preparing heat
transfer fluids with higher stability.
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Introduction
The thermal conductivity of heat transfer fluids plays an
important role in the development of energy-efficient
equipments in the field of microelectronics, transportation,
military devices and biomedical industry (Liu et al. 2006;
Zhu et al. 2004a). Nanofluids have a plethora of potential
tribological and magnetic sealing applications (Battez et al.
2010; Mitamura et al. 2008; Anwar et al. 2011). The low
thermal conductivity of the conventional base fluids like
water, ethylene glycol, engine oil acts as a major drawback
in meeting the ever increasing demand for cooling (Zhu
et al. 2004a). Hence, there is a need for devising heat
transfer fluids with appreciably higher thermal conductiv-
ity. A straightforward way would be to suspend metallic or
nonmetallic particles or their oxides which have nano-
dimensions. These particles have thermal conductivity
higher than the base fluid and hence their incorporation
would augment the heat transfer properties (Zhu et al.
2004a; Eastman et al. 2001). Since nanoparticles have large
surface area, its interaction with the surrounding medium
can overcome the difference in density and hence can
remain stably suspended. The nano-size of the particles
also overcomes the drawbacks of microparticles such as
clogging of the channels, abrasion and pressure drop
(Kumar et al. 2009).
Several studies, including the earliest investigations of
nanofluids, used a two-step synthesis process in which
nanoparticles are first produced as a dry powder, often by
inert gas condensation, chemical vapor deposition, physical
vapor deposition, mechanical alloying or other techniques
(Chopkar et al. 2006; Das et al. 2003; Hong et al. 2005; Li
et al. 2009). The nanoparticles are then dispersed into a
fluid in a second processing step. Simple techniques such
as ultrasonic agitation, control of pH or the addition of
surfactants to the fluids are sometimes used to minimize
particle aggregation and improve dispersion behavior
(Beck et al. 2010; Hong et al. 2005; Li et al. 2008).
One-step method involves the production and simulta-
neous dispersion of the nanoparticles into the base fluid. It
could be single-step physical method or chemical method.
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The earliest physical methods involve direct evaporation
technique or vacuum evaporation on running oil substrate
in which the evaporated metal is condensed when it comes
in contact with the base fluid (Akoh et al. 1978; Eastman
et al. 2001). Submerged arc nanoparticle synthesis and arc
spray nanoparticle synthesis, which involve the vaporiza-
tion of source material submerged in the dielectric liquid in
a vacuum chamber, are the widely used techniques to
produce metal and metal oxide nanofluids (Chang et al.
2005; Lo et al. 2005a, b). Laser ablation in liquid has been
demonstrated to be the technique which can generate stable
colloids containing nano-sized particles without the use of
any dispersants or surface reactive reagents by ablating
metals and metal oxides in deionized water and solvents
(Kim et al. 2009; Phuoc et al. 2007).
Among the several approaches for the synthesis of
nanofluids, the one-step chemical method is found to be the
one which can overcome the downsides of other techniques
like agglomeration during storage, partial dispersion, need
for liquids with high-boiling points and expensive equip-
ments (Zhu et al. 2004a; Eastman et al. 2001; Kumar et al.
2009). Literature reveals that there are only a few reports
on this technique (Kumar et al. 2009; Liu et al. 2006; Zhu
et al. 2004a). Herein, we follow a simple single-step
chemical solution phase approach for the synthesis of
copper nanofluids. Copper nitrate is used as the precursor
and glucose as reducing agent, in the presence of sodium
lauryl sulfate (SLS). Thermal and rheological properties of
the fluids have also been studied.
Experiment
Preparation of nanofluids
All the reagents used in the experiment were of analytical
grade and were used without further purification. Copper
nanofluids were prepared by solution phase synthesis, by
reduction of copper nitrate using glucose. In a typical
procedure, 30 mL of 0.1 M aqueous solution of copper
nitrate trihydrate was rendered ammoniacal by adding
ammonium hydroxide (5 mL of 2 M solution) till the color
became deep blue. Later, the solution was stirred with
30 mL of 0.01 M solution of SLS in ethylene glycol. After
15 min, 3 g of glucose was added and stirred at 75 C till
the color changed to golden yellow. At this point, sulfuric
acid was added to neutralize the added ammonium
hydroxide. When the color turned brown, the solution was
cooled to get copper nanofluid. The synthesis was repeated
by varying the concentration of reducing agent, surfactant
and dilution. The reduction was also carried out under
microwave irradiation. The solution was subjected to
microwave radiation for 5 min at 50 % power. The
synthesis under microwave condition was carried at dif-
ferent reactant ratio, power and reaction time.
Characterization
The synthesized nanofluids were characterized by X-ray
diffraction (XRD) technique, energy dispersive X-ray
analysis (EDXA), transmission electron microscopy
(TEM), field emission scanning electron microscopy (FE-
SEM), Fourier-transform infrared (FTIR) spectroscopy and
UV–visible spectroscopy. Thermal conductivity and vis-
cosity measurements were also carried out.
Nanofluid was diluted with absolute ethanol and cen-
trifuged for 1 h. The nanoparticles were then repeatedly
washed with water and ethanol. Finally, the particles were
dried at 80 C. XRD patterns of the nanoparticles were
taken on a JEOL X-ray diffractometer (Model DX GE 2P)
using Ni-filtered Cu-Ka radiation (k = 1.54178 A˚) with an
operating voltage of 30 kV. The accelerating voltage was
set at 0.06 s-1 in the 2h range 35–80.
The TEM images of the nano fluids were recorded on a
Philips CM200 transmission electron microscope operating
with an accelerating voltage of 20–200 kV with a resolu-
tion of 2.4 A˚. The FESEM images were taken on a Supra
40VP FESEM having a resolution up to 2 nm. EDXA was
carried out using JEOL JSM-6380LA analytical scanning
electron microscope.
The ingredients of the solution were identified using
Nicolet Avatar 330 FTIR spectrometer. UV–visible spectra
of the nanofluids were measured using SD2000 fiber optic
spectrometer from Ocean optics inc., at room temperature.
The thermal conductivity of the prepared nanofluid was
measured using KD2 Pro thermal property analyzer. The
viscosity of the nanofluids was measured using Brookfield
LV DV-III ultra rheometer.
Results and discussion
Results of XRD and EDX analyses
The phase structure and the purity of the products were
examined by XRD studies. The XRD powder pattern of the
as-obtained copper nanoparticles is shown in Fig. 1. The
diffraction peaks could be indexed to the face centred cubic
Cu [JCPDS Card No. 04-0838, a = 3.6150 A˚, space group:
Fm3m (225)] corresponding to (111), (200) and (220)
planes, respectively.
The average size of the particle is calculated using
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where s is the thickness of the crystal (in A˚), K the shape
factor, X-ray wavelength is given by k and Bragg angle by
h. The line broadening, B is measured from the extra peak
width. All the particle size data reported in the paper are as
calculated above. No peaks of impurities such as those of
cuprous or cupric oxide were detected, suggesting that the
product obtained was highly pure.
The chemical composition and purity of the products
were also examined using EDXA. A typical EDX spectrum
of the copper nanoparticles is shown in the Fig. 2. Only
copper is detected in the spectrum indicating that there is
no contamination.
Results of FTIR and UV analyses
The FTIR spectra of pure ethylene glycol (A) stacked with
copper nanofluid (B) are shown in Fig. 3. It is seen that the two
spectra resemble each other indicating that ethylene glycol is
not oxidized. It suggests that glucose is the one acting as
reducing agent and not ethylene glycol. This method preserves
the advantages of the polyol process as well as chemical
reduction method. Figure 4 shows UV–vis spectrum of cop-
per nanofluid. The absorption edge at 544 nm indicates the
peak due to copper nanoparticles (Bicer and Sisman 2010).
Results of variation in reaction parameter
Effect of ratio of reactants
The synthesis was carried out by varying the molar ratio of
glucose to copper nitrate. The increase in molar ratio from
5.5 to 18.5 resulted in particles having sizes decreasing
from 36 to 17 nm in thermal conditions and 28 to 16 nm in
microwave conditions, respectively. Glucose reduces cop-
per ions as shown in Eq. (2).
Cu2þ þ C6H12O6 þ H2O ! Cuþ C6H12O7 þ 2Hþ ð2Þ
According to the above equation, the concentration of
glucose determines the amount of electrons supplied to
copper ions and in turn the rate of the reaction. When the
concentration of the reducing agent is low, the reduction
rate of copper precursor is slow and, as a result, only a few
nuclei are formed at the nucleation step. Copper atoms
formed at the later period, are mostly involved in particle
growth by collision with already generated nuclei leading
to the formation of larger-sized particles, rather than
formation of new particles. With increase in concentration
of reducing agent, reduction rate is enhanced, so the
number of precipitating metallic clusters increases steeply
and hence more number of nuclei is formed during the
nucleation period which leads to the formation of smaller
particles. Eventually, the size of the particles decreases
because the amount of solute available for particle growth
per growing particle decreases with increasing number of
nuclei (Park et al. 2007).
Figure 5 shows FESEM image of the copper nanopar-
ticles obtained when 30 mL of 0.1 M copper nitrate solu-
tion is reduced by 3 g of glucose in the presence of 0.01 M
SLS solution, and its inset shows the TEM image of a
single particle present in the nanofluid. The particles
appear somewhat spherical in shape.
Effect of addition of ammonia
The synthesis of copper nanofluid is carried out in the
presence of ammonia. Most of the copper ion is therefore
present as Cu(NH3)2
2? complex ion. The standard half-cell
potential for the reduction of copper ion as given in Eq. (3)
is 0.34 V. The half-cell potential for the reduction of
Cu(NH3)2
2? complex ion is considerably smaller than that
for reduction of Cu2? ion.
Cu2þ þ 2e ! Cu ð3Þ
The standard half-cell potential for the redox equilibrium
of glucose given in Eq. (4) is 0.050 V.
C6H12O7 þ 2Hþ þ 2e $ C6H12O6 þ H2O ð4Þ
The overall standard state cell potential for the reaction
given in Eq. (2) is 0.29 V and hence favorable. There is a
significant decrease in the overall cell potential for the
reaction in the presence of ammonia because the complex
ion is a much weaker oxidizing agent than the Cu2? ion.
The increase in pH of the solution due to the addition of
ammonia has an effect on the electrode potential of the
glucose system, because of a pair of H? ions involved. The
half-cell potential for the redox equilibrium of glucose
therefore depends on the pH of the solution. The reaction
quotient for this reaction depends on the square of H? ion
Fig. 1 A typical XRD powder pattern of copper nanoparticles
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concentration as two H? ions are given off when glucose is
oxidized. A change in solution pH from standard state
conditions to pH of 11, therefore, results in a decrease of
half-cell potential for this reaction and increase in the
reducing strength of glucose. This increase more than
compensates for the decrease in oxidizing strength of Cu2?
in the presence of ammonia. As the overall cell potential
for the reduction of copper ions is more favorable in
aqueous ammonia, the reaction is not carried under stan-
dard state conditions.
Effect of dilution
To study the effect of dilution on the particle size and rate
of reaction, the reaction mixture was diluted with varying
volumes of water. The particle size decreased with increase
in amount of dilution from 0 to 100 mL of water. The
particles yielded had 36, 35, 26 and 21 nm size for 0, 50,
75 and 100 mL dilution, respectively. For 100 mL dilution,
the reaction proceeded very slowly due to the decrease in
the effective concentration of the reacting species. The
Fig. 2 A typical EDX spectrum
of copper nanoparticles
Fig. 3 FTIR spectra of ethylene glycol (a) and copper nanofluid (b)
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observations can be explained as follows: with increase in
the dilution, the overall concentration of the species
decreases, the proximity between the precipitating metal
atoms decreases and hence the collision between them is
reduced preventing the particle growth and hence resulting
in smaller size of the nanoparticles formed.
Effect of surfactant
Concentration of surfactant also played an important role in
controlling the size of the particle as well as stability of the
nanofluid. The effect of increase in surfactant concentration
on size of the particle is shown in Table 1.
The results clearly indicate that SLS acts as a capping
agent and hence restricts the growth of the particles. As the
SLS concentration increases, the particle size decreases.
The presence of surfactant also had an effect on the sta-
bility of the fluid. In the absence of surfactant, the particles
formed immediately began to settle down, but in the
presence of surfactant, this was not the case. Sedimentation
measurements showed that the nanofluid prepared in the
presence of surfactant was stable up to 3 weeks at room
temperature under stationary state. The stability achieved is
better than the one by the two-step method where in they
could achieve it for 1 week in case of copper-transformer
oil system and 30 h for copper–water system (Xuan and Li
2000). The stability of the fluid could be attributed to the
small size of the particles and their uniform distribution.
Effect of power and reaction time
The reactions were carried out by irradiating the reaction
mixture by microwave and effect of microwave power and
reaction time were studied. For microwave irradiation of
30 % power for 5 min duration and for 50 % power for
duration of 2.5 min, the reactions were incomplete, and
size of the particles obtained was 20 nm. As power was
increased from 50 to 70 to 90 % for 5 min irradiation time,
the particle size was found to decrease from 28 to 25 to
19 nm. In microwave method, the heating rate is faster than
the conventional means. Microwave irradiation increases
the rate of nucleation and results in the formation of large
number of nuclei. With increase in power, the friction
between the particles also increases, suppressing the ready
growth of particles, hence the size of the formed particles is
found to show decreasing trend. With increase in irradia-
tion duration at 50 % power, the size increased as follows:
28, 32 and 35 nm for 5, 7.5 and 10 min, respectively. The
continued interaction of the particles leads to growth of the
particles resulting in larger size (Zhu et al. 2004b).
Results of thermal conductivity measurement
Thermal conductivity of the nanofluid was measured at
30 C using KS-1 sensor. The sensor was oriented vertically
in the sample and the measurements were recorded at low
power mode with read time of 1 min, with the sample and the
sensor kept absolutely still during the measurement, to avoid
forced convection. Measurements were done with different
particle weight fractions by diluting the nanofluid with
mixture of water and ethylene glycol in 1:1 ratio.
Fig. 4 UV–visible spectrum of copper nanofluid
Fig. 5 Low-magnification FESEM image showing spherical copper
nanoparticles. Inset shows a TEM image of a single particle
Table 1 Effect of concentration of SLS on size of copper particles
Concentration of
SLS added (M)
Effective concentration of SLS in
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The thermal conductivity of the as-synthesized nano-
fluid was found to be 0.834 Wm-1 K-1 for a weight
fraction of 0.299 %, which is significantly higher than the
reported value of 0.279 Wm-1 K-1 for copper nanofluid
(0.1 %) prepared using sodium hypophosphite (Zhu et al.
2004a) and 0.259 Wm-1 K-1 for copper nanofluid (0.5 %)
Fig. 6 The variation of thermal
conductivity ratio with
nanoparticle weight fraction
showing linear increase. Inset
shows the variation over entire
range
Fig. 7 Rheological
measurements. a The variation
of shear stress with shear rate at
30 C for a particle loading of
0.299 %. b Viscosity as a
function of shear rate for
0.299 % particle loading at
different temperatures. Black
right-pointing triangle 20 C,
black left-pointing triangle
25 C, black circle 30 C, black
star 35 C, black square 40 C,
black down-pointing triangle
45 C, black up-pointing
triangle 50 C. c Variation of
relative viscosity of the
nanofluid with particle weight
fraction. d Variation of viscosity
of the nanofluid with
temperature
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prepared by single-step physical method of direct evapo-
ration technique (Eastman et al. 2001). The variation of
thermal conductivity ratio with nanoparticle weight frac-
tion is shown in Fig. 6. Similar trend was observed for
different ratios of the base fluids.
The thermal conductivity of the nanofluid increased
linearly with increase in the particle concentration. Maxi-
mum thermal conductivity of 0.968 Wm-1 K-1 was
observed at a particle weight fraction of 0.15 %; after this,
the thermal conductivity showed a gradual decrease. This
increase could be ascribed to the higher conductivity of
copper nanoparticles as well as its uniform distribution in
the fluid (Chopkar et al. 2006; Murshed et al. 2008).
Results of rheological measurements
The rheological measurements of the nanofluid were car-
ried out at a particle weight fraction of 0.299 %. The
variation of shear stress with shear rate at 30 C is shown
in Fig. 7a. The linear relation between the shear stress and
shear rate demonstrates the Newtonian behavior of the
nanofluid (Yu et al. 2009). Viscosity as a function of shear
rate at different temperatures demonstrates that viscosity is
independent of shear rate (Fig. 7b).
The viscosity of the nanofluids was also measured at
different particle weight fractions at 30 C. The changes in
relative viscosity of the nanofluid with particle weight
fraction are given in Fig. 7c. It was found that the viscosity
increased with increase in particle concentration. The
effect of temperature on the viscosity of the nanofluid was
studied from 20 to 50 C and was seen that the viscosity
decreases with increase in temperature of the fluid. The
variation in the viscosity of the nanofluid with temperature
is shown in Fig. 7d. The trend is similar to the one reported
by Li et al. (2011).
Conclusions
Copper nanofluids were synthesized by a well-controlled
one-step solution phase glucose reduction method. Herein
copper nitrate was reduced to copper and was simulta-
neously dispersed in the base fluid, in the presence of SLS.
The synthesized particles were characterized by various
techniques. A stability period of minimum 3 weeks was
achieved in the presence of surfactant. The synthesized
fluid showed a maximum thermal conductivity of
0.968 Wm-1 K-1 and exhibited Newtonian behavior. The
method is found to be reliable, simple in approach and cost
effective.
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